The chloroform extract of Physalis minima produced a significant growth inhibition against human T-47D breast carcinoma cells as compared with other extracts with an EC 50 value of 3.8 mg/mL. An analysis of cell death mechanisms indicated that the extract elicited an apoptotic cell death. mRNA expression analysis revealed the coregulation of apoptotic genes, that is, c-myc, p53, and caspase-3. The c-myc was significantly induced by the chloroform extract at the earlier phase of treatment, followed by p53 and caspase-3. Biochemical assay and ultrastructural observation displayed typical apoptotic features in the treated cells, including DNA fragmentation, blebbing and convolution of cell membrane, clumping and margination of chromatin, and production of membrane-bound apoptotic bodies. The presence of different stages of apoptotic cell death and phosphatidylserine externalization were further reconfirmed by annexin V and propidium iodide staining. Thus, the results from this study strongly suggest that the chloroform extract of P minima induced apoptotic cell death via p53-, caspase-3-, and c-myc-dependent pathways.
Introduction
Breast cancer is the most invasive and frequently diagnosed malignancy in women throughout the world. 1 Nowadays, many women are keen to use herbal remedies, either to treat breast cancer or to assist in preventing the disease. However, most remain unaware of the limited scientific evidence of the efficacy of these remedies and the possible adverse effects and drug interactions that may result from their consumption. 2 A successful anticancer remedy should kill or debilitate cancer cells via apoptosis. Apoptosis is a selective death mechanism to suppress tumor growth without causing excessive damage to normal or noncancerous cells. 3, 4 In the past several years, apoptosis has been a target for mechanismbased drug discovery. 5 It is genetically regulated by the activation of apoptosis-related genes, which induce the mechanism by 2 interconnected signaling cascades: the death receptor (extrinsic) and mitochondrial (intrinsic) pathways. 6 Apoptotic genes such as c-myc, p53, and caspase-3 are reputed activators or executioners in both pathways. 7 These genes are highlighted not only in the clinical treatments of malignancy but also in cancer chemoprevention. 8 Expression of c-myc sensitizes cells to a range of proapoptotic insults, such as genotoxic stress, hypoxia, nutrient deprivation, and death receptor signaling. 9 The c-myc gene has a pivotal function in initiation of apoptosis by destabilizing mitochondrial integrity. This gene was also described as a repressor to reduce ubiquitination of p53, which leads to the accumulation of p53. 10 p53 activation is also crucial for regulating the transcription of genes involved in cellular responses to stimuli, cellular metabolism, and controlling the cell cycle. 11, 12 Furthermore, the caspase family is considered a main executor of apoptosis with each member possessing distinct functions in mammalian cells based on their subcellular localization, protein interaction, and substrate specificities. 13 All of the caspases trigger apoptosis through proteolytic degradation of cellular components. 14 
Caspase-3 is commonly detected in apoptosis induced by
various plant extracts and compounds. 15, 16 The activation of caspase-3 has been reported in p53-induced apoptosis in various systems. [17] [18] [19] The deficiency of this gene was found to cause chemotherapeutic resistance in human ovarian and breast cancer cells. 15, 20 Despite the advances in cancer treatment, more than 20% of female breast cancer patients still die of this disease. 21 It is therefore essential to develop novel chemotherapeutics with greater efficacy and limited toxicity to normal cells. The efficacy of most chemotherapeutics is primarily achieved by inducing cancer cell apoptosis. To date, information on the apoptotic effect elicited by the extracts of species from genus Physalis are still limited to Physalis angulata and P peruviana [22] [23] [24] [25] neglecting P minima, which is also said to have anticancer properties. P minima also shares similar bioactive anticancer compounds such as physalins B and F with the former 2 species. 26 Although the effectiveness of P minima extracts in inhibiting proliferation of cancer cells has been verified using human CORL23 lung and MCF7 breast carcinoma cells, 27 the molecular mechanism associated with these phenomena has not been elucidated in detail. Furthermore, our previous results showed that the chloroform extract of P minima induced apoptotic cell death against human lung adenocarcinoma NCI-H23. 28 Therefore, the aims of this study were the following: (1) to evaluate the cytotoxic activities of the P minima extracts against T-47D cells and (2) to further investigate the molecular mechanism of apoptosis triggered by the best extract.
Materials and Methods Chemicals
The DeadEnd Colorimetric Apoptosis Detection System was purchased from Promega (Madison, WI). Annexin-V-FLUOS kit was purchased from Roche Diagnostics (Mannheim, Germany). The methylene blue assay, dimethyl sulfoxide (DMSO) and propidium iodide were obtained from Sigma Aldrich (United States). All culture media and additives were from HyClone (Logan, UT). All other chemicals were reagents of molecular grade, as appropriate. The whole plant materials were washed, dried, and chopped finely using a grinder. The dried material was then subjected to successive extraction using nonpolar (hexane), followed by less polar (chloroform), polar (ethyl acetate), and most polar (methanol) solvents using soxhlet extraction. The extracts were filtered and concentrated using a rotary evaporator and then evaporated to dryness. Then, the water extract was obtained by refluxing the dried material at 100°C for 3 hours, and the extract was dried using a freeze drier. The dried extracts were then weighed using microbalance (Sartorius, Germany) and reconstituted with 99.9% (v/v) DMSO to prepare a stock solution at a concentration of 10 mg/mL. The stock solution was serially diluted to 8 different working concentrations. As for the positive control, a stock solution of vincristine sulfate (a commercial drug) at a concentration of 1 mg/mL was prepared using DMSO and diluted serially to 24 different concentrations.
Preparation of Crude Extracts

Cell Line and Culture Medium
The T-47D (human breast carcinoma) cell line was obtained from American Type Cell Culture (Manassas, VA) and cultured in RPMI 1640, supplemented with 2 mM l-glutamine, 10% (v/v) fetal calf serum (FCS), 100 U/mL penicillin, 100 mg/mL streptomycin, 0.01 mg/mL bovine insulin, 1 mM sodium pyruvate, and 10mM HEPES as recommended by American Type Cell Culture.
In Vitro Cytotoxicity Assay
Nearly confluent cultures of T-47D cells were harvested with 0.05% (w/v) trypsin-EDTA. Cells were then centrifuged and pellet resuspended with complete medium with 10% (v/v) FCS. Then, 100 mL of cells were plated into each well of a 96-well plate at a density of approximately 6000 cells/ well. Cell viability was routinely determined using trypan blue exclusion test, and we ensured that cell viability was always in excess of 95%. The cells were then allowed to attach and incubate at 37°C in a CO 2 incubator for a further 24 to 48 hours. After the cells reached 80% to 90% confluency, the medium was removed and replaced with medium containing only 0.5% (v/v) FCS, and the cells were incubated for a further 4 hours. This was done for the cells to achieve quiescence. Subsequently, the cells were treated with different concentrations of extracts. Control cells were cultured in 0.5% (v/v) FCS-containing medium alone; 1 ml of serial diluted extracts was added into each well. After treatment, the plates were incubated for 72 hours. Vincristine sulfate was used as a positive control.
Cell survival was determined by the procedure using methylene blue staining as described by Yamazaki et al 29 and Li and Hwang. 30 After 72 hours of incubation with plant extracts, the surviving cells were fixed with 2.5% (v/v) glutaraldehyde for 15 minutes and were then washed with 0.15 M sodium chloride (NaCl) solution to remove the dead cells. The fixer cells were subsequently stained with 100 mL 0.05% (w/v) methylene blue solution for 15 minutes. After washing off the excess dye with NaCl, dye elution was carried out using 200 mL 0.33 M hydrochloric acid. Absorbance was read at 650 nm using a V max Kinetic Microplate Reader (Molecular Devices, Sunnyvale, CA). The number of surviving cells was determined from the absorbance value.
Analysis of Apoptotic Gene Expression
To investigate the mRNA expression levels of c-myc, caspase-3, and p53, which are responsible for triggering apoptosis, a semiquantitative reverse transcription polymerase chain reaction (RT-PCR) was carried out. T-47D cells were cultured in T25 flasks and starved with medium containing only 0.5% (v/v) FCS for 4 hours. The cells were then treated with the P minima chloroform extract at a concentration of EC 50 at 3.80 mg/mL for a period of 24 hours. After treatment, the total cellular RNA was isolated using the Tri-Reagent LS (Molecular Research Center, Mobile, AL) according to the manufacturer's instructions. Then, 1 mg of isolated total cellular RNA sample was treated with DNase I, reverse transcribed into cDNA, and subjected to PCR amplification. The optimized PCR amplification program comprised an initial denaturation step at 94°C for 2 minutes, followed by denaturation at 94°C for 45 seconds, annealing at 56°C for 1 minute, extension at 72°C for 2 minutes, and a final extension step at 72°C for 10 minutes. The PCR optimization process, including the optimal cDNA concentration and the number of amplification cycles used to amplify c-myc, caspase-3, p53, and b-actin genes, were in the exponential phase of PCR amplification (ie, providing a linear relationship between the amount of amplification and the concentration of the original cDNA samples; data not shown), indicating that the conditions were optimized for semiquantitative studies. 31 The sequences of primers for analysis were synthesized based on the human mRNA encoding the respective genes ( Table  1 ). The amplification products were separated on 1.2% (w/v) agarose gel and stained with ethidium bromide. Gene expression signaling at each point in time was quantified using GeneTools analysis software on GeneGenius gel documentation system (Syngene, UK). The signals of c-myc, p53, and caspase-3 were normalized from b-actin, and the ratio in unstimulated samples was assigned to be 1. The housekeeping gene b-actin was used as an internal standard control.
Analysis of DNA Fragmentation
Nuclear DNA fragmentation was detected using DeadEnd Colorimetric Apoptosis Detection System as described by the manufacturer (Promega). Briefly, cell suspensions were subcultured on Lab-Tek Chamber Slides and then incubated for 24 to 48 hours. When the cells achieved confluency, between 80% and 90%, the medium was discarded and replaced with medium containing only 0.5% FCS. The cells were then incubated at 37°C for 4 hours. The cells were then treated with the P minima chloroform extract at EC 50 concentration of 3.80 mg/mL for 24 hours. Control cells were treated with the same concentration of DMSO present in all treated cells. Positive control cells were treated with DNase I. In all cases, the final concentration of DMSO in each control slide did not exceed 1% (v/v). The slides were then incubated for 24 hours.
After treatment, the cells were fixed by immersing the slides in 4% (w/v) paraformaldehyde in phosphate buffer saline (PBS at pH 7.4) in a Coplin jar for 25 minutes at room temperature. The slides were then rinsed in fresh PBS for 5 minutes at room temperature, and the washing procedure was repeated. Next, the cells were permeabilized by immersing the slides in 0.2% (v/v) Triton X-100 solution in PBS for 5 minutes and rinsed twice with PBS at room temperature. The cells were then allowed to equilibrate with approximately 100 mL of equilibration buffer (supplied with the kit) for 5 to 10 minutes. While the cells were equilibrating, the TdT reaction mix was prepared by mixing together of 98 mL equilibration buffer, 1 mL biotinylated nucleotide mix, and 1 mL TdT enzyme to cover each slide. The equilibrated areas were then blotted with tissue paper, and 100 mL of reaction mix was added onto the cells on each slide and covered with coverslips. The slides were then allowed to incubate at 37°C for 60 minutes in the CO 2 incubator to allow the end-labeling reaction to occur. The reactions were terminated by immersing the slides in 2x saline-sodium citrate solution for 15 minutes at room temperature, followed by washing twice in fresh PBS and blocking endogenous peroxidases using 0.3% hydrogen peroxide for 3 to 5 minutes. The slides were then rinsed twice and incubated with 100 mL/slide of Streptavidin horse radish peroxidase solution in PBS (1:500) for 30 minutes at room temperature.
Subsequently, the slides were rinsed, and the washing procedure was repeated as usual. Finally, 100 mL of 
diaminobenzidine components was added to the cells, and they were allowed to develop until there was a light brown background (approximately 10 minutes). The slides were then rinsed several times in fresh PBS. The staining was immediately observed using the light microscope (Olympus BH2, Japan).
Analysis of Plasma Membrane Integrity
To detect the loss of plasma membrane of necrotic cells, the T-47D cells were cultured on 6-well plates and then incubated for 24-48 hours. When the cells reached between 80-90% confluency, the medium was replaced with fresh medium containing only 0.5% (v/v) FCS. The cells were then incubated for a further 4 hours and treated with the P minima chloroform extract at a concentration of 3.80 mg/ mL for 24 hours. Negative control cells were treated with the same concentration of DMSO. The cells were rinsed with PBS, and stained trypan blue exclusion assay was carried out after 24 and 72 hours incubation period. Subsequently, the samples were viewed using an inverted phase contrast light microscope.
Ultrastructural Analysis
T-47D cells were treated with the P minima chloroform extract (3.80 mg/mL) and incubated for 24 hours. Negative control cells were treated with a similar concentration of DMSO. After incubation, the cells were trypsinized, centrifuged, and then resuspended twice with PBS. Infiltration was conducted using a mixture of acetone and Spurr's resin (1:1) in a rotator for 2 to 3 days with daily change of Spurr's mix for each sample specimen. Subsequently, the cells were embedded and cured at 60°C for 12 to 48 hours. Sectioning was preceded by the analysis of semithin sections (1 mm), stained at 40°C with 1% (w/v) toluidine blue. This was then followed by sectioning of thin sections (<1 mm), collected using copper grids. An Ultra Microtome (Leica Reichart Supernova, Sweden) was used to produce the sections. The thin sections were stained with uranyl acetate for 15 minutes by complete immersion, in a covered petri dish lined with dental wax. Finally, the sections were stained with lead citrate using the same procedures. The samples were examined and observed under a transmission electron microscope (TEM: Philips CM 12, Holland).
Analysis of Phosphatidylserine Externalization
T-47D cells were prepared and stimulated with the P minima chloroform extract (3.80 mg/mL) as described earlier. Negative control cells were treated with a similar concentration of DMSO. After treatment, the cells in the chamber slides were washed with PBS twice and subsequently processed according to the Annexin-V-FLUOS (Roche Diagnostics, Germany; combination of annexin V and propidium iodide) protocol per manufacturer's instructions. Subsequently, the slides were immediately analyzed using a fluorescence microscope (Olympus BH2-RFCA, Japan) with an excitation wavelength in the range of 450 to 500 nm and detection in the range of 515 to 565 nm (green). Photos were taken using the fluorescence microscope with camera (Olympus, Germany) attachment. Green fluorescence was observed in annexin V-positive cells and red fluorescence in cells that uptake the propidium iodide dye.
Calculation and Statistics
Cytotoxicity experiments were performed in 6 replicates, and results were expressed as percentage growth inhibition of control. EC 50 values for growth inhibition were derived from a nonlinear model (curvefit) based on sigmoidal dose response curve (variable) and computed using GraphPad Prism (San Diego, CA). Data are given as mean ± SEM (standard error of the mean). The criterion of cytotoxic or noncytotoxic was adapted from the guidelines set by the National Cancer Institute, which indicated that plant extracts with EC 50 ≤ 20 mg/mL should be considered cytotoxic (and noncytotoxic if otherwise). 32 DNA fragmentation experiments were conducted in triplicate. The cells from 5 random microscopic fields were counted to get the percentage of TUNEL-positive cellsapoptotic index, AI% = (number of apoptotic nuclei/number of nuclei scored) × 100%-using 200× magnifications and the mean percentage ± SEM were calculated. The significant differences between the mean percentage of positive-stained nuclei of control cells and treated cells were determined using 1-way ANOVA, computed using GraphPad Prism. The significant differences in the ratio to b-actin (between each time point and control) was determined using 1-way ANOVA and Dunnett's multiple comparison test for postcomparison tests, computed using GraphPad Prism software. Differences were considered to be significant if P < .05.
Results
Cytotoxic Effect of the Extracts of P minima Against T-47D Cells
Preliminary cytotoxic screening results revealed that the hexane and chloroform extracts of P minima exhibited reproducible cytotoxic effects on T-47D cells with EC 50 less than 20 mg/mL (Table 2) , whereas the ethyl acetate extract displayed low cytotoxic activity with higher EC 50 (>20 mg/ mL). Chloroform extract of P minima exerted the best cytotoxicity with the lowest EC 50 values. The relative sensitivities of the P minima extracts toward T-47D cells, in order, were as follows: chloroform > hexane > ethyl acetate. The EC 50 values of methanol and water extracts on this cell line cannot be determined because of the low growth inhibition at all concentrations used. Thus, the chloroform extract of P minima was selected for subsequent cell death mechanism analyses.
Induction of Apoptotic Gene Expressions in T-47D Cells by P minima Chloroform Extract
Acute exposure of the chloroform extract of P minima to T-47D cells produced different expression profiles for c-myc, caspase-3, and p53 mRNA levels. As shown in Figures 1A and 1B , the mRNA level of c-myc was induced as early as 15 minutes before reaching the highest peak at 1 hour (approximately 2.7-fold increase), gradually decrea sing to the lowest level at 24 hours. The c-myc mRNA expression was significantly increased from 15 minutes to 3 hours as compared with the control cells (P < .05) ( Figure 1B) . Meanwhile, there was a marked increase of p53 mRNA expression level at an earlier period of treatment (15 minutes to 2 hours; Figures 1A and 1B) . The p53 mRNA expression was significantly increased at 3 hours of treatment, gradually reaching its peak at 6 hours (approximately 2.7-fold increase). The expression appeared to be sustained for the next 3 hours and gradually declined to the baseline levels at 24 hours (P < .05; Figure 1B) .
As for the caspase-3 gene, the mRNA expression was slightly increased at the initial stage before reaching the significant peak value at 6 hours (approximately 2.3-fold increase) and sustained until 9 hours of treatment (P < .05; Figures 1A and 1B) . This was followed by a rapid decrease at 12 hours (nearly 0.5-fold decrease from baseline). Overall, the c-myc mRNA levels were initially induced at 15 minutes and reached the peak at 1 hour of stimulation. The mRNA expression of c-myc significantly remained constant (approximately 2.0-fold increase) at the initial stage (P < .05; Figure 1B ). However, p53 and caspase-3 mRNA expression were significantly induced at 3 and 6 hours of treatment and decreased steadily thereafter. Thus, the induction of p53 and c-myc mRNA expression (approximately 2.7-fold increase) was slightly higher than caspase-3 expression (approximately 2.3-fold increase) at specific time points. Therefore, the results strongly suggested that the cell death mechanism induced by the chloroform extract of P minima in T-47D cells was mediated by the activation of these 3 genes.
Induction of Apoptotic Cell Death in T-47D Cells by P minima Chloroform Extract
To investigate whether the chloroform extract of P minima elicited apoptotic cell death of T-47D cells, the fragmented genomic DNA was detected using the DeadEnd Apoptosis Detection System. As shown in Figures 2B, 2C, and 2D , the extract-treated T-47D cells produced dark-brown-stained nuclei, and a similar staining was found in the positive control cells treated with DNase I and vincristine sulfate. Most of the positive-stained nuclei were rounded or oblong in shape, but almost all nuclei of untreated negative control cells were not stained with this assay (Figure 2A) . The mean percentage of apoptotic index for the extract-treated T-47D cells was 53.31%, and this was slightly higher than that for the vincristine sulfate-treated cells. This result indicated that more than 50% of T-47D cells nuclei were significantly stained with the apoptosis detection assay as compared with the negative control (DMSO) after 24 hours of incubation (P < .001). Meanwhile, the trypan blue exclusion assay ruled out necrosis as a probable cause of cell death elicited by the chloroform extract by showing only a few positively stained cells after 24 and 72 hours of treatments ( Figures 3A and 3B) . The results clearly demonstrated that the surface of most treated cells was intact after incubation with the extract at both time points. TEM analysis exhibited different apoptotic-morphological alterations in T-47D cells after 24 hours of treatment with the chloroform extract. There was clumping of chromatin (Cclp) and margination at the nuclear periphery (Cmrg), resulting in a brighter contrast of nuclear background as compared with normal cells (Figures 4A and 4B) . Convolution of the nuclear membrane (MNcov) was also observed ( Figure 4B and 4C ), suggesting that there was a shrinkage of the nucleus. However, the cytoplasmic membrane and cell organelles remained intact. Subsequently, the budding of cells (MCbud) was evident, where the cytoplasmic membrane formed extensions and eventually caused the formation of membrane-bound apoptotic bodies (AB) that contained cellular material of the cells in various combinations ( Figure 4D ). These apoptotic bodies were then ingested by neighboring cells. All these characteristics clearly indicated that the cells were undergoing apoptosis. As for negative controls, the DMSO-treated cells did not show these morphological characteristics (data not shown).
Immunohistochemical analysis showed different staining patterns of annexin V when T-47D cells were treated with the chloroform extract. The low-(thin arrows) and high-intensity (arrowheads) staining patterns of annexin V-positive cells (green fluorescence; Figures 5A and 5B ) clearly indicated phosphatidylserine externalization, as described in the early and late phases of apoptotic death, respectively. There were only a few annexin V-positive cells surrounding propidium iodide-stained cells (dotted arrow), which represented cells undergoing late apoptosis or programmed cell death ( Figure 5B ). However, the DMSO-treated cells (negative control) did not exhibit these staining patterns (data not shown). Thus, the results revealed that P minima chloroform extract activated apoptosis as a main death mechanism in T-47D cells, with the 
Discussion
The decoction of leaves and stems of P minima was taken orally as an alternative approach using traditional medicines for cancer by the Malay community. 33 Despite its traditional usage, there is still lack of scientific evidence of efficacy. In this study, the chloroform extract displayed the best cytotoxic activity and induced apoptosis in T-47D cells. This activity might be effected by the synergistic effect of physalins B, F, and K in the extract. 34 at the earlier phase of treatment (30 minutes), suggesting that it was an initiator or inducer of the apoptotic mechanism by the extract. Its expression enhances the activation of Bcl-2 family proapoptotic proteins and suppresses their antiapoptotic effects. 10, 35 The upregulation of c-myc was also observed in the induction of apoptosis by anticancer drugs such as doxorubicin and etoposide. 36 The expression levels of p53 and caspase-3 were significantly increased during the reduction phase of c-myc; p53 was induced 2 hours after the peak expression of c-myc, which was 3 hours earlier than caspase-3. This finding suggests that p53 activation may be an upstream cellular event that leads to the potential disappearance of the mitochondrial membrane, and caspase-3 may be responsible for executing the downstream process of apoptosis that mainly contributed to the typical morphological changes and DNA fragmentation in apoptotic cells. 37 Growing evidence has demonstrated that p53 is a potent activator of the caspase cascade by stimulating proapoptotic proteins (Bid and Bax) and promoting the release of apoptogenic factors (cytochrome c), which lead to caspase-9 activation and in turn cleave effector caspases such as caspase-3. 38, 39 The marked expression of p53 and caspase-3 were observed at 6 to 9 hours of treatment, and this finding provides strong proof of the roles of these genes and their cross-talk in mediating apoptosis. These gene expressions were also reported to provoke extrinsic (CD95/CD95L system) and intrinsic (mitochondrial) apoptotic signaling pathways in human hepatoma HepG2 cells treated with the ethanol extract of P peruviana. 40 On the activation of apoptotic-regulated genes, morphological and biochemical changes of cells that lead to the dismantling of the apoptotic cell were also observed. 41 DNA fragmentation exhibited in DeadEnd Colorimetric assaylabeled nuclei cells, is the biochemical hallmark of apoptosis and can be correlated with caspase-3 activation. Caspase-3 activates DNase and facilitates its entry into the nucleus, causing oligonucleosomal DNA fragmentation. 42 It was detected based on the percentage of apoptotic index of the extract-treated T-47D cells, which was significantly higher than that for untreated cells. The chloroform extract also produced a comparable apoptotic index to the known apoptosis inducer, vincristine sulfate (positive control). Meanwhile, the trypan blue exclusion assay ruled out necrosis as a probable cause of cell death in extract-treated T-47D cells as most of the cells exhibited intact plasma membranes.
TEM analysis confirmed the occurrence of apoptotic histological changes in extract-treated T-47D cells, which included clumping, condensation, and margination of chromatin followed by blebbing of the cell surface and formation of apoptotic bodies. The similar observation of apoptotic features was clearly established in various studies involving ethanolic extracts of anticancer plants such as Azadirachta indica and Sophora moorcroftiana that induced apoptosis in human MCF-7 breast carcinoma cells 43 and in human SGC-7901 stomach carcinoma cells, 44 respectively.
Another biochemical marker for apoptosis is externalization of phosphatidylserine to the external environment, where it acts as a signal for engulfment by phagocyctes. 45 Annexin V is a Ca 2+ -dependent phospholipid-binding protein that detects the phosphatidylserine externalization of the plasma membrane. 46 With fluorescence microscopy observation, different annexin V staining patterns have been observed that indicated different phases of apoptosis in the extract-treated cells. Weak staining of some of the cells with annexin V was probably because of a limited phosphatidylserine exposure during the early stage of apoptosis. 47 The heavily stained annexin V and propidium iodide cells indicated the later phase of the apoptotic process, whereby the cells lost their plasma membrane integrity, and more binding sites of phosphatidylserine were detected. 45 In conclusion, the anticancer property of the P minima plant has been partially validated by identifying the apoptotic cell death mechanism elicited by its chloroform extract against T-47D cells. The apoptotic death mechanism was mediated via c-myc-, p53-, and caspase-3-dependent pathways, which strongly suggested that the coexpression of these genes may contribute to the execution of both extrinsic and intrinsic apoptotic pathways. Further understanding of the coregulation of these apoptotic genes in different tumor types by the chloroform extract might provide more scientific evidence regarding its anticancer properties.
